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Summary This overview of Rocky Mountain forest ecosys-
tems characterizes some of the major types, processes and
management issues in the region. There are large ranges in
edaphic conditions and striking environmental gradients, all
interacting to influence the distribution of species, the nature of
communities and disturbance regimes. The discussion focuses
on the central role of disturbance and how understanding dis-
turbance regimes influences the search for effective ap-
proaches to stewardship.
Keywords: disturbance regimes, fire severity, forest manage-
ment, reference condition, silviculture.
Introduction
The objective of this review is to provide a broad overview of
Rocky Mountain forest ecosystems, characterizing some of
the major types, processes and management issues in the re-
gion. Although much of the discussion is general, most of the
specific examples are from the middle latitudes of the Rocky
Mountains in the United States, 35° to 45° N (Figure 1).
An organizing theme for the discussion is the central role of
disturbance in these systems. The history of use and abuse of
Rocky Mountain forests is replete with errors of both omission
and commission. In hindsight, these often illustrate the tyr-
anny of unintended consequences. A major challenge facing
resource managers is the search for effective approaches to
stewardship (Bassman et al. 2003). Clearly, ecologists and bi-
ologists have important roles in the development of appropri-
ate templates for management.
Environmental context
Even in the narrowed, middle latitude scope of this discussion,
there is a huge range of edaphic conditions represented in the
Rocky Mountains. Latitude, elevation, physiographic position
and parent material interact to strongly influence environ-
ments and, ultimately, the distribution of species, communities
and the nature of disturbance regimes. In addition to the more
or less gradual changes often associated with latitude (e.g.,
Figure 2), there are rather sharp regional discontinuities in cli-
mate and species distributions. There is, for example, dramatic
east–west orographic-induced variability in precipitation (Fig-
ure 3). Differences in the seasonality of precipitation, within
fairly short distances, can be almost as striking (see Smith
1994 for discussion of regional precipitation regimes). For ex-
ample, within a radius of less than 200 km, precipitation may
be largely restricted to the winter or summer, or occur in both
winter and summer, with spring and fall droughts (Figure 4).
These sorts of climatic patterns obviously influence the distri-
bution of species. There can be, for example, rather striking
clustering of species distribution limits in the vicinity of major
climatic gradients such as the juxtaposition of the Arizona
monsoon and polar front in northern Utah (Neilson and
Wullstein 1983). The northern limits of Gambel oak (Quercus
gambelii Nutt.), white fir (Abies concolor (Gord. & Glend.)
Lindl. ex Hildebr.) and singleleaf pinyon (Pinus monophylla
Torr. & Frém.) are all within a few kilometers of each other in
northern Utah.
In addition to these sorts of regional discontinuities, there
are spectacular patterns in species distributions at watershed
or landscape scales. Rocky Mountain forest ecosystems reflect
typically steep environmental gradients. Topography strongly
influences temperature, water availability and the distribution
of species (Figure 5). Many ranges in the Rocky Mountains
have well defined upper and lower treelines. Between these
limits, elevation–climatic gradients are often associated with
pronounced mountain zonation reflecting not only the upper
and lower limits of a species’ distribution, but often its
successional status and the nature of disturbance regimes.
Rocky Mountain forests are dynamic
The legacies of disturbances, ranging from isolated wind-
throws to stand-replacing fires, are ubiquitous in the forests of
the region. Although there are very old trees, such as 4,900-
year-old intermountain bristlecone pine (Pinus aristata var.
longaeva D.K. Bailey) (Curry 1965) and 1270-year-old white-
bark pine (Pinus albicaulis Engelm.) (Perkins and Swetnam
1996), stands more than about 300 years old are rare.
The most widespread and well-documented disturbances
are associated with fire. Fire, as an ecosystem process, is in-
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creasingly used as an integrator in landscape and community
ecology. The literature of fire ecology is replete with various
definitions and characterizations of fire regimes and effects.
For example, fire intensity is typically characterized as the rate
of energy release, with flame length often used as an indicator
(Saveland and Bunting 1988). Severity is used in a variety of
ways, but increasingly, the term characterizes the effects of
disturbance on the overstory (Brown 1994, Agee 1998). For
example, a low-severity fire is benign to most overstory trees
across most of the burned area (Agee 1998); this definition is
similar to Brown’s (1994) characterization of a nonlethal
understory burn. Agee’s (1998) high-severity fire effectively
leads to stand replacement over most of the area burned;
Brown (1994) characterizes such a fire as stand-replacing.
Frequency of disturbance, defined in several different ways, is
also used to characterize fire regimes. For example, the ap-
proximate time between successive fires at one location is
sometimes referred to as the mean fire-free interval. Fre-
quency and severity are often used together to characterize fire
regimes.
Differences in fire regimes with respect to temperature,
moisture and elevation were captured by Martin and Sapsis
(1991) in a simple and straightforward conceptual model (Fig-
ure 6). Mean fire-free intervals are very long in deserts where
fuels accumulate slowly and also in high-elevation subalpine
forests, where ample fuels are usually too wet to burn (Bradley
et al. 1992). It is certainly no coincidence that the oldest trees
in the region, representatives of Peet’s (2000) subalpine white
pine forests, are found on high-elevation cool–moist sites. In
contrast, in the absence of fire exclusion, mean fire-free inter-
vals tend to be very short in dry ponderosa pine (Pinus ponder-
osa Dougl. ex. P. Laws. & C. Laws.) forests where fine fuels
accumulate rapidly and burning conditions are often favor-
able.
The relationship between frequency and severity is well es-
tablished. Short fire-free intervals are associated with low-
severity (i.e., nonlethal understory) fires. In contrast, the accu-
mulation of high fuel loads during long fire-free intervals re-
sult in high-severity (i.e., stand-replacing) fires when fires do
occur. The relationship between fire size and frequency/sever-
ity is not nearly as well established, but appears to be real
(Agee 1998). A tentative characterization of this relationship
(Figure 7) is based on few observations and is, therefore, spec-
ulative; however, Seymour et al. (2002) discuss similar pat-
terns in the forests of northeastern North America. In general
terms, short fire-free intervals and low-severity fire regimes
are associated with relatively small fires. In contrast, long
fire-free intervals and high-severity fire regimes are associated
with relatively large fires. As mean fire-free intervals increase,
e.g., greater than 100 years, there may be a threshold beyond
which landscape and vegetation influences on fire size are re-
placed by influences associated with extreme fire weather
(Agee 1998).
The relationship between various fire regimes and stand
structural diversity is fairly well understood (Figure 8). For ex-
ample, both short and long fire-free interval regimes typically
result in multi-cohort stands with a great deal of vertical and
horizontal structural diversity. Both low-elevation ponderosa
pine and high-elevation spruce–fir forests typically have text-
book multi-cohort structures (Long 1994). In contrast, the in-
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Figure 1. Map of the Rocky Mountains.
Figure 2. Elevation of upper treeline as a function of latitude (after
Peet 2000). The focus of this review is Rocky Mountain forests from
about 35° to 45° N.
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termediate fire-free interval regimes associated with aspen
(Populus tremuloides Michx.) and lodgepole pine (Pinus
contorta Dougl. ex Loud. var. latifolia) typically result in sin-
gle cohort stands with relatively limited structural diversity.
Insects and their effects on forests are also pervasive. Popu-
lation dynamics of many insects, particularly defoliators and
bark beetles, represent intriguing analogs to fire regimes.
There are hints in bark beetle population ecology of the fre-
quency/severity relationship that is observed in fire regimes
with long fire-free interval. For example, endemic populations
of spruce beetles (Dendroctonus rufipennis Kirby), with rela-
tively few overstory trees killed in a year, result in low-severity
disturbances at the stand and landscape scales. Epidemic pop-
ulations, with 80% or more of overstory Engelmann spruce
(Picea engelmannii Parry ex Engelm.) trees killed, clearly rep-
resent high-severity disturbances. Epidemic populations of
spruce beetles may reoccur over large landscapes at
250–300-year intervals (Veblen et al. 1994). In high-elevation
forests dominated by Engelmann spruce, this may be about
how long it takes for tree sizes and relative density to reach
values conducive to sustaining an epidemic population of
spruce beetles.
Sins of omission and commission
Forest biodiversity is most adversely affected by the conver-
sion of forests to other types of land use (Roberts et al. 1995).
In contrast with many other regions in North America, the
clearing of Rocky Mountain forests for agriculture and other
land uses has been fairly minor (Barrett 1994). Nevertheless,
over the last 100–150 years, some Rocky Mountain forest eco-
system types have been dramatically changed by use, abuse
and in some cases, well-intentioned management. The greatest
TREE PHYSIOLOGY ONLINE at http://heronpublishing.com
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Figure 3. General relationship between
mean annual precipitation and eleva-
tion along a transect from the Pacific
Ocean to the eastern slope of the
Rocky Mountains (after Bailey 1941).
Figure 4. Seasonal distribution of precipitation in the central Rocky
Mountains. In the northwest sector, most precipitation occurs in win-
ter; to the east, precipitation is mostly in the summer; and to the south
there are winter and summer precipitation maxima (after Smith
1994).
Figure 5. Variation in vegetation composition with elevation and topo-
graphic position in Logan Canyon, northern Utah. Shaded area is the
potential distribution of aspen and lodgepole pine following stand-re-
placing disturbances (after Peet 2000).
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changes have generally occurred in lower-elevation forest
types, i.e., those in which previously unregulated livestock
grazing and fire exclusion have combined to alter what was,
presettlement, a short fire-free interval/low-severity fire re-
gime. The effects of fire exclusion on low-severity fire regimes
have been extensive and are generally related to the number of
“missing” fires in the context of historic mean fire-free inter-
val.
Some of these changes actually involve type conversions
that may be accompanied by the loss of particular sorts of
wildlife habitats. For example, at Wind Caves National Park,
South Dakota, encroachment of ponderosa pine onto grass-
lands has the potential to seriously degrade the habitat for spe-
cies such as bison and prairie dog. In many places in the Great
Basin, junipers (Juniperus spp.) are encroaching onto sage-
brush steppe. In many other cases, fire exclusion is associated
with equally dramatic changes in structure and shifts in tree
species composition. Low-elevation dry-site ponderosa pine
forests are considerably denser than was typical under the
short fire-free interval/low-severity fire regime. On the driest
sites, the increased density results from the recruitment and
growth of ponderosa pine in the understory; on slightly more
mesic sites, the increased density comes from recruitment
of more shade-tolerant conifer species, e.g., Douglas-fir
(Pseudotsuga menziesii var. glauca (Beissn.) Franco), white
fir or grand fir (Abies grandis (Dougl. ex D. Don) Lindl.).
High-grading and fire exclusion have combined to shift spe-
cies composition, increase stand densities and increase conti-
nuity of host species forests at the landscape level, thereby
reducing natural fragmentation. These changes are associated
with outbreaks of the western spruce budworm (Choristo-
neura occidentalis Freeman) that are more regionally syn-
chronous, intense and extensive (Anderson et al. 1987,
Swetnam and Lynch 1993, Weber and Schweingruber 1995).
A similar pattern may exist for the Douglas-fir tussock moth
(Orgyia pseudotsugata McDunnough) (Shepherd et al. 1988).
The implications of fire exclusion for forests with interme-
diate fire-free interval regimes are more apparent at the land-
scape scale than at the stand level. In some parts of the central
Rockies, for example, there has been a fairly dramatic shift in
the age-class distribution of aspen and lodgepole pine stands.
Maturing lodgepole pine stands become increasingly suscepti-
ble to outbreaks of mountain pine beetle (Dendroctonus
ponderosae Hopkins); maturing aspen is often at risk of
successional displacement by more tolerant conifer species,
e.g., white fir, subalpine fir (Abies lasiocarpa (Hook.) Nutt.),
and Engelmann spruce. Conifer encroachment into mature as-
pen stands is an important resource management issue, partic-
ularly in Colorado and Utah (Bartos and Campbell 1998). This
relates to the importance of aspen-dominated stands with re-
spect, for example, to their use by primary and secondary cav-
ity-nesters and their value as a visual resource. In Colorado
and Utah, over 25% of closed canopy forest is, or was before
fire exclusion, aspen-dominated (Jones 1985).
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Figure 6. Mean fire-free interval along a temperature–moisture gradi-
ent (after Martin and Sapsis 1991).
Figure 7. Possible relationship between fire size and mean fire-free in-
terval for several Rocky Mountain forest types.
Figure 8. Stand structural diversity related to fire-free interval for sev-
eral Rocky Mountain forest types.
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Increasing biomass following fire exclusion in forests with
short fire-free interval/low-severity fire regimes has been
characterized as the “lignification of the west” (Neil West,
Utah State University, personal communication). In addition
to possible shifts in the dynamics of defoliating insects and
bark beetles, increases in the amount and distribution of bio-
mass (i.e., fuels) portend basic changes in fire behavior. Dry
low-elevation forests of southwestern ponderosa pine, for ex-
ample, may have already missed 10 or more fire intervals.
Forests that in the past had short fire-free interval and low-
severity fire regimes are increasingly likely to have high-
severity stand-replacing fires (Agee 1998).
In contrast, the influences of fire exclusion on forests with
long fire-free interval/high-severity fire regimes are modest
(Agee 1998). The change in fire regime in southwestern pon-
derosa pine forests is primarily the result of changes in stand
structure and the fuel complex, e.g., increased connectivity be-
tween surface and crown fuels and increased connectivity
within the canopy. In contrast, in closed-canopy forests with
long fire-free intervals (e.g., subalpine and boreal forests), this
sort of structure normally exists in all but the earliest stages of
stand development following infrequent stand-replacing fires
(Johnson et al. 2001).
Management based on reference condition
Throughout the West, and particularly in the Rocky Moun-
tains, the effectiveness of traditional approaches to manage-
ment is being reassessed. In many situations, reassessment has
been motivated by the apparent influences of past manage-
ment practices on various wildlife species (Hansen et al. 1991,
Long and Smith 2000). A common theme in discussions of al-
ternative approaches to management is the restoration of eco-
logical processes associated with natural disturbances, and a
common assumption is that a historical perspective is critical
in identifying important processes. In this context, it is as-
sumed that an approximation of presettlement conditions will
result in appropriate structure and composition at the stand
level and appropriate scale and pattern at the landscape level.
The concept of a reference condition is thus based on an ap-
proximation of conditions that might have existed under a
presettlement disturbance regime. The basic premise is that
the reference condition represents a reasonable coarse filter
model that, when implemented, will restore forests that are re-
sistant or resilient to a wide range of environmental challenges
(Agee 1998, Hunter 1993). Also, largely implicit is the as-
sumption that the approach is fairly conservative with respect
to saving potentially important facets of forest ecosystems.
Concerns about use of presettlement reference condition as
a template for management include uncertainty about pre-
settlement disturbance regimes and the conditions resulting
from those regimes. A more basic concern relates to the eco-
logical relevance, as a model for current management, of for-
ests and disturbance regimes that may have existed for a
relatively narrow range of time, the seemingly ephemeral na-
ture of plant communities in response to changes in climate,
and thousands of years of human presence in the region prior
to European settlement.
Use of a reference condition as a template for management
is more intuitive, and more often discussed in forest types
where the presettlement condition resulted from a short fire-
free interval/low-severity fire regime. In these cases, the con-
cept can be applied to an individual stand and the relatively
narrow range of stand structure is fairly easily maintained with
periodic low-severity disturbances (e.g., prescribed under-
burning, low thinning, group selection).
The concept is more difficult to apply, both conceptually
and in practice, for long fire-free interval/high-severity fire re-
gimes. Here, the reference condition more appropriately rep-
resents trajectories of stand development following stand-
replacing disturbance and must also account for scale and pat-
tern of stand ages on the landscape. For a given location or
stand, the reference condition is actually a set of conditions
ranging from immediately after a stand-replacing disturbance
to late successional (e.g., age or structural classes from stand
establishment to stem reinitiation). On the landscape, the ref-
erence condition is a mosaic of stands of various ages or struc-
tural classes. The size distribution of patches within the
landscape mosaic is also an important characteristic of the ref-
erence condition.
Searching for appropriate references
Agee (1998) argues that a “coarse filter approach can be suc-
cessful only if the landscape ecology of natural disturbance is
known.” For a given forest type, this involves answering ques-
tions such as the following. What were the major characteris-
tics of the natural disturbance regime? What did this regime
impose in terms of stand-level structure and composition and
landscape-level scale and pattern? How much detail with re-
spect to disturbance and response are necessary to capture es-
sential elements of ecosystem process and structure?
Managing at the limit
Tabby Mountain is a broad plateau southeast of Salt Lake City,
Utah. Stands at the top of this plateau form a fairly isolated
population at the southern limit of lodgepole pine in the west-
ern Rocky Mountains. It can be argued that this population
represents a potentially important genetic resource and that
prudence dictates management according to a silvicultural
system broadly based on the structure and composition that
would have developed under the presettlement disturbance
regime. At Tabby Mountain prior to the settlement era, a
mixed-severity fire regime was responsible for the regenera-
tion of individual lodgepole stands and the maintenance of
lodgepole pine at the landscape scale. Individual fires were
fairly large (i.e., at least several hundred hectares) and, over
much of their extent, stand-replacing. Within the fire perime-
ter, mortality ranged from 100% to essentially zero.
The structure resulting from this sort of fire regime provides
a useful starting point in the design of a silvicultural system for
lodgepole pine at Tabby Mountain. Elements of this system
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might include an 80–150-year rotation length, i.e., neither
substantially shorter nor longer than the typical fire-free inter-
val. Additionally, stand treatment should be some form of re-
tention system. For example, in a clearcut- or shelterwood-
with-reserves system, some of the overstory trees are retained
throughout most or all of the next rotation for their contribu-
tion to structural and species diversity. The result is a two-sto-
ried stand structure instead of the comparatively simple
single-storied stand resulting from traditional clearcutting or
shelterwood systems (Long 1998). Lodgepole pine’s status as
a pioneering species dictates that treatment intended to regen-
erate a stand be fairly drastic. This means that a retention sys-
tem with too many overstory trees will favor competing tree
species, at the expense of the establishment and growth of
lodgepole pine seedlings (Roberts and Long 1991).
A retention system is consistent with the finding that these
stands have a low percentage of serotiny. Unlike stands with
many serotinous cones stored in the canopy, seed for natural
regeneration must be wind disseminated from cones opening
on nearby trees. Thus, the size and shape of disturbance
patches as well as the heights of trees in adjacent stands or re-
served within regeneration units are important considerations.
A silvicultural system should also be designed to minimize
the risk of catastrophic losses to mountain pine beetles. When
beetle populations are endemic, their limited numbers are con-
centrated on a few over-mature, injured or diseased trees.
When there are many susceptible trees in an area, the beetle
population can rapidly increase to such a density that the bee-
tles can successfully attack even vigorous trees. This sort of
outbreak may result in mortality of 80% or more of the mature
lodgepole pine over extensive areas. Although lower tempera-
tures at high elevations slow larval development, sometimes to
the point where 2 years are required to complete the life cycle
(Logan and Powell 2001), the climate at the lodgepole
pine-dominated stands at Tabby Mountain, which ranges from
about 2800 to 3000 m high, offers little impediment to larval
development. Phloem thickness is related to both tree age and
size, and therefore, in general terms, stands of older (e.g.,
> 80 years) and larger (e.g., average stand diameter at breast
height > 20 cm) trees have thicker phloem and are more sus-
ceptible than stands of younger or smaller trees (McGregor
and Cole 1985). Currently, some of the lodgepole pine stands
in the Tabby Mountain area are moderately and increasingly
susceptible to mountain pine beetle attacks.
Silvicultural manipulation is the only practical way to create
and maintain bark beetle-resistant stands. This requires long-
term planning; delaying management activities until after an
outbreak has started is a prescription for catastrophic loss.
Most of the lodgepole pine in the Tabby Mountain area is in
mature stands, i.e., all but one sampled stand is at least
90 years old. There are several silvicultural treatments that can
reduce susceptibility (Cole and Cahill 1976, Anhold et al.
1996, Amman and Logan 1998), including the creation of
greater stand age class diversity and thinning in young stands
to increase stand vigor. Each of these approaches could be ef-
fectively combined to create and maintain a landscape
resistant to outbreaks of mountain pine beetle.
Subalpine ghosts
Throughout the Rocky Mountains there are examples of what
Peet (2000) terms subalpine white pine forests. One of several
species in the white pine group (Pinus subgenus Haploxylon)
will dominate these open, high-elevation forests, generally re-
stricted to rocky dry ridges and south slopes. From south to
north, the dominant species shifts from southwestern white
pine (Pinus strobiformis Engelm.), Colorado bristlecone pine
(Pinus aristata Engelm. var. aristata), intermountain bristle-
cone pine and whitebark pine. Limber pine (Pinus flexilis
James) occurs throughout much of the region, often at lower
elevations than the other species. All of these species are pio-
neers following stand-replacing fires and, except on the driest
sites, are seral to subalpine fir. The decline in fires throughout
the last century, with associated increases in subalpine fir, has
particularly impacted whitebark pine (Keane and Arno 1993).
Although all of the subalpine white pine species are hosts to
the mountain pine beetle, endemic populations are the norm.
Within the range of whitebark pine, for example, typical tem-
peratures are so extreme as to restrict mountain pine beetles to
a 2-year life cycle; the beetles infest single trees or clone-
mates within clumps. Logan and Powell (2001) observed that
even a 2 °C increase in summer temperatures has fundamen-
tally altered population dynamics to a 1-year life cycle, result-
ing in a shift from endemic to epidemic population levels.
Global warming may increasingly put these special forest eco-
systems at risk, especially if susceptible stands of lodgepole
pine occupy sites immediately below. Restoration and mainte-
nance of age class diversity in both the whitebark pine and ad-
jacent lodgepole pine stands may provide a degree of system
resistance and resilience in the face of potential increases in
mountain pine beetle pressure (Perkins and Roberts 2003).
In a climate warming scenario, the potential changes in the
behavior and elevational distribution of the mountain pine
beetle may not be the most dramatic changes related to these
bark beetles. The ranges of lodgepole pine and jack pine over-
lap in the Rocky Mountains in Canada. Currently the Great
Plains is a barrier separating mountain pine beetles from jack
pine (Pinus banksiana Lamb.) in the Lake States. Logan and
Powell (2001) suggest that a warming climate might allow
mountain pine beetles to reach the range of jack pine in the Al-
berta Rocky Mountains and that a waterfall effect might spill
beetles across North America.
Another challenge to the subalpine white pine forests comes
from the blister rust disease caused by Cronartium ribicola
Fisch. The remarkable resilience of forest ecosystems to the
selective and nearly complete removal of tree species by host-
specific pathogens may illustrate functional redundancy asso-
ciated with species diversity. An example of apparent resil-
ience, where forest ecosystem structure and function appear to
have been maintained following a substantial change in spe-
cies composition, is the widespread removal of low-elevation
western white pine (Pinus monticola Dougl. ex D. Don) by
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blister rust (Adams 1994). If resilience does depend on tree
species diversity, blister rust will eventually have a much
greater impact on the less diverse ecosystems currently domi-
nated by the various high-elevation five-needle pines through-
out the Rocky Mountains (Long 1994, Tomback et al. 1995).
Know your neighbor
The Wasatch Front in Utah is the northern limit of Gambel
oak. Before 1847, a short fire-free interval/low-severity fire
regime in the foothills limited the extent of oak mottes
(Bradley et al. 1992). Fire exclusion in the last 150 years has
resulted in substantial increases in both the area of, and the
continuity of fuels within, the oak woodlands. Both of these
changes are associated with a substantial increase in the risk of
severe wildfires in an increasingly populated suburban land-
scape (Wadleigh et al. 1998). Given the nature of develop-
ment, restoration of the presettlement fire regime is impracti-
cal; other silvicultural alternatives are feasible, but not always
deemed appropriate by homeowners.
How general is a reference condition?
The majority of aspen stands in the central Rocky Mountains
were established following stand-replacing fires within the
last 150 years. The large reduction in frequency of large fires
in the 1900s has created an unbalanced aspen age class distri-
bution. Mueggler (1989) characterizes 95% of aspen stands in
the central Rockies as mature or over-mature. It has been sug-
gested that most of the aspen–conifer mixed stands were
burned during the late 1800s, and that, for many stands, suc-
cession to conifers may just now be reaching a condition con-
ducive to stand-replacing fire (Bradley et al. 1992).
Changes in the structure and composition of aspen-domi-
nated landscapes have occurred since settlement. In seral as-
pen stands, which represent the majority, the elimination of as-
pen progresses quickly once conifers reach the main canopy
(Mueggler 1989). In mixed-conifer stands with scattered as-
pen still present, the assumption is that there is high risk of los-
ing the aspen component in the continued absence of stand-re-
placing disturbance (i.e., harvest or fire). It is also assumed
that the presence of even a few aspen in such mixed-conifer
stands are legacies of an aspen-dominated stand maintained by
the presettlement fire regime. Based in part on this last as-
sumption, it is estimated that fire exclusion has resulted in a
60% decline in aspen-dominated landscapes on national forest
lands in Utah (Bartos and Campbell 1998) and the decline in
aspen appears to be region-wide (Rogers 2002).
Aspen is a shade-intolerant, early successional species that
reproduces almost exclusively by root suckers. Aspen is rea-
sonably characterized as a fire-adapted and fire-dependent
species that successfully regenerates after fairly drastic distur-
bance to an existing overstory, e.g., clearfelling or stand-re-
placing fire. In some parts of the central Rocky Mountains,
aspen regeneration is unsuccessful following stand treatment
because of excessive browsing by wildlife or livestock. There
are several alternatives for dealing with such browsing
pressure. An expensive alternative is to fence after felling or
burning. Another alternative is to defer stand treatments until
excessive browsing is reduced (Bartos and Campbell 1998). In
the first case the protection of the regeneration is direct; in the
second case it is indirect. In both cases, however, the protec-
tion must be in place until the tops of new suckers have grown
out of reach of the browsing animals. Depending on site qual-
ity and aspen growth rates, this might take 10 to 15 years. A
third, usually much more practical, alternative is to make re-
generation units large enough to effectively disperse the im-
pact of the browsing animals. A hundred or more hectares per
treatment are probably necessary under this alternative. Treat-
ment at this scale may seem drastic; it should be remembered,
however, that it is at the low end of the sizes of the natural
wildfires that originated many of the currently maturing aspen
stands (Figure 7).
Aspen seems to be illustrative of what may be a typical situ-
ation for other forest types, i.e., a particular reference condi-
tion and characterization of a disturbance regime generally
apply but are inappropriate in some situations. For example, a
reference condition based on an intermediate fire-free interval
regime in the central Rocky Mountains appears to be fairly ro-
bust. There are, however, important exceptions to the general
model. Under some conditions, aspen appears to regenerate in
the absence of disturbance, forming what appear to be text-
book multi-cohort stands (Mueggler 1989). In another situa-
tion, in the T.W. Daniel Experimental Forest in northern Utah,
several aspen clones appear to have maintained themselves for
at least 300 years since the last stand-replacing disturbance.
Aspen appears to be moving from one small gap (e.g.,
< 300 m2) to another within a matrix of old growth Engelmann
spruce and subalpine fir. The aspen stems range from 1 to
300 years old, whereas the oldest conifer is about 275 years
old (John D. Shaw, Utah State University, personal communi-
cation). The apparent gap-phase behavior of aspen is clearly
inconsistent with the conventional reference condition.
Challenges
A coarse filter approach to forest ecosystem management
must be based on an understanding of natural disturbance re-
gimes (Agee 1998). For most forest types in the Rocky Moun-
tains, the broader elements of natural disturbance regimes are
at least known. However, there is a great deal of uncertainty
concerning the sufficiency of detail, and in some cases, even
the general validity of characterization of reference condi-
tions. There are also unresolved issues concerning how well an
approach to land management based on broad reference condi-
tions accounts for the special needs of particular species.
Clearly, there are many ecological research opportunities.
There are social and policy challenges that are probably
greater than the ecological challenges. For example, at least in
principle, the restoration of southwestern ponderosa pine gen-
erally has a great deal of support. Because the reference condi-
tion is based on a short fire-free interval/low-severity fire
regime, the visual impact of management intervention, even in
the short-term, is to most people an improvement over the cur-
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rent condition, i.e., the creation of open stands with relatively
large trees. However, even though the majority of stakeholders
favor restoration, land managers still face a cacophony of
strongly held opinion concerning the appropriateness of vari-
ous approaches to accomplishing the objective (Long and
Smith 2000). Some stakeholders reject any restoration tool
other than natural wildfires and some accept prescribed burn-
ing, but not mechanical treatment. Still, other stakeholders ac-
cept thinning as long as it does not involve commercial timber
harvest. And yet other stakeholders insist that commercial tim-
ber harvest be the primary tool for restoration. Unfortunately,
this debate is being conducted almost exclusively in a venue of
appeals and litigation, one project at a time.
In contrast to the general acceptance of a reference condi-
tion based on a short fire-free interval/low-severity fire re-
gime, if not the tools for arriving at the reference condition,
there is likely to be great resistance to the imposition of large,
stand-replacing disturbances in subalpine forests. Given the
long fire-free intervals for these forests, there is little urgency
for stand-replacing treatments, which Hunter (1993) charac-
terized as a “catastrophe best to be avoided.” Agee (1998)
states that “large patch sizes will probably occur in these
(high-severity) systems regardless of our desires.”
From the land manager’s perspective, the most difficult case
is probably restoration of appropriate patch sizes and age class
distribution in forests representing intermediate fire-free inter-
val regimes, e.g., lodgepole pine and aspen. It is difficult for
many stakeholders to see beyond the immediate consequences
of stand-replacing disturbances in fairly large patches. Never-
theless, “missing fires” in these fire-dependent forest types are
beginning to have substantial structural and compositional ef-
fects. Unlike spruce–fir forests with long fire-free interval re-
gimes, responsible stewardship of these intermediate fire-free
interval systems demands serious consideration of the aggres-
sive pursuit of reference conditions.
Acknowledgments
This research was supported by the Utah Agricultural Experiment
Station, Utah State University, Logan, UT. Approved as journal paper
No. 7490. Wanda Lindquist provided considerable help with the fig-
ures.
References
Adams, D.L. 1994. The northern Rocky Mountain region. In Regional
Silviculture of the United States. 3rd Edn. Ed. J.W. Barrett. John
Wiley & Sons, New York, pp 387–440.
Agee, J.K. 1998. The landscape ecology of western forest fire re-
gimes. Northwest Sci. 72:24–34.
Amman, G.D. and J.A. Logan. 1998. Silvicultural control of moun-
tain pine beetle: prescriptions and the influence of microclimate.
Am. Entomol. 44:166–177.
Anderson, L., C.E. Carlson and R.H. Wakimoto. 1987. Forest fire
frequency and western spruce budworm outbreaks in western
Montana. For. Ecol. Manage. 22:251–260.
Anhold, J.A., M.J. Jenkins and J.N. Long. 1996. Management of
lodgepole pine stand density to reduce susceptibility to mountain
pine beetle attack. West. J. Appl. For. 11:50–53.
Barrett, J.W. 1994. Regional silviculture of the United States. 3rd
Edn. Wiley & Sons, New York, 656 p.
Bartos, D.L. and R.B. Campbell, Jr. 1998. Decline of quaking aspen
in the Interior West—examples from Utah. Rangelands 20:17–24.
Bassman, J.H., J.D. Johnson, L. Fins and J.P. Dobrowolski. 2003.
Rocky Mountain ecosystems: diversity, complexity and interac-
tions. Tree Physiol. 23:1081–1089.
Bradley, A.F., N.V. Noste and W.C. Fischer. 1992. Fire ecology of for-
ests and woodlands in Utah. USDA Forest Service, GTR- INT-287,
128 p.
Brown, J.K. 1994. Fire regimes and their relevance to ecosystem man-
agement. In Proc. SAF/CIF Convention, Anchorage, Alaska. Soc.
Am. For., Bethesda, MD, pp 171–178.
Cole, W.E. and D.B. Cahill. 1976. Cutting strategies can reduce prob-
abilities of mountain pine beetle epidemics in lodgepole pine. J.
For. 74:294–297.
Curry, D.R. 1965. An ancient bristlecone pine stand in eastern
Nevada. Ecology 46:564–566.
Hansen, A.J., T.A. Spies, F.J. Swanson and J.L. Ohmann. 1991. Con-
serving biodiversity in managed forests. BioScience 41:382–392.
Hunter, M.L., Jr. 1993. Natural fire regimes as spatial models for man-
aging boreal forests. Biol. Conserv. 65:115–120.
Johnson, E.A., K. Miyanishi and S.R.J. Bridge. 2001. Wildfire regime
in the boreal forest and the idea of suppression and fuel buildup.
Conserv. Biol. 15:1554–1557.
Jones, J.R. 1985. Distribution. In Aspen: Ecology and Management in
the Western United States. Eds. N.V. DeByle and R.P. Winokur.
USDA Forest Service, GTR-RM-119, pp 9–10.
Keane, R.E. and S.F. Arno. 1993. Rapid decline of whitebark pine in
western Montana: evidence from 20-year remeasurements. West. J.
Appl. For. 8:44–47.
Logan, J.A. and J.A. Powell. 2001. Ghost forests: global warming,
and the mountain pine beetle (Coleoptera: Scolytidae). Am.
Entomol. 47:160–173.
Long, J.N. 1994. The middle and southern Rocky Mountain region. In
Regional Silviculture of the United States. 3rd Edn. Ed. J.W.
Barrett. John Wiley & Sons, New York, pp 335–386.
Long, J.N. 1998. Multiaged systems in the Central and Southern
Rockies. J. For. 96:34–36.
Long, J.N. and F.W. Smith. 2000. Restructuring the forest: goshawks
and the restoration of southwestern ponderosa pine. J. For. 98:
25–30.
Martin, R.E. and D.B. Sapsis. 1991. Fires as agents of biodiversity:
pyrodiversity promotes biodiversity. In Biodiversity of Northwest-
ern California. Ed. J. LeBlance. Proc. Symp. Santa Rosa, CA, pp
150–157.
McGregor, M.D. and D.M. Cole. 1985. Integrating management strat-
egies for the mountain pine beetle with multiple-resource manage-
ment of lodgepole pine forests. USDA Forest Service,
GTR-INT-174, 68 p.
Mueggler, W.F. 1989. Age distribution and reproduction of Inter-
mountain aspen stands. West. J. Appl. For. 4:41–45.
Neilson, R.P. and L.H. Wullstein. 1983. Biogeography of two south-
west American oaks in relation to atmospheric dynamics. J.
Biogeogr. 10:275–297.
Peet, R.K. 2000. Forests and meadows of the Rocky Mountains. In
North American Terrestrial Vegetation. Eds. M.G. Barbour and
W.D. Billings. Cambridge University Press, Cambridge, pp 75–121.
Perkins, D.L. and D.W. Roberts. 2003. Predictive models of white-
bark pine mortality from mountain pine beetle. For. Ecol. Manage.
174:495–510.
1098 LONG
TREE PHYSIOLOGY VOLUME 23, 2003
Downloaded from https://academic.oup.com/treephys/article-abstract/23/16/1091/1659300
by Utah State University Libraries user
on 19 January 2018
Perkins, D.L. and T.W. Swetnam. 1996. A dendroecological assess-
ment of whitebark pine in the Sawtooth–Salmon River region. Can.
J. For. Res. 26:2123–2133.
Roberts, S.D. and J.N. Long. 1991. Effects of storage, planting date,
and shelter on Engelmann spruce containerized seedlings in the
Central Rockies. West. J. Appl. For. 6:36–38.
Roberts, S.D., J.B. Dunning and B.K. Miller. 1995. Management of
biological diversity in the Central Hardwood Region. Purdue Uni-
versity Cooperative Extension Service, FNR-147, 15 p.
Rogers, P. 2002. Using forest health monitoring to assess aspen forest
cover change in the southern Rockies ecoregion. For. Ecol. Man-
age. 155:223–236.
Saveland, J.M. and S.C. Bunting 1988. Fire effects in ponderosa pine
forests. In Ponderosa Pine: the Species and its Management. Eds.
D.M. Baumgartner and J.E. Lotan. Symp. Proc., Spokane, WA.
Washington State Univ., Pullman, WA, pp 125–131.
Seymour, R.S., A.S. White and P.G. deMaynadier. 2002. Natural dis-
turbance regimes in northeastern North America—evaluating
silvicultural systems using natural scales and frequencies. For.
Ecol. Manage. 155:357–367.
Shepherd, R.F., D.D. Bennett, J.W. Dale, S. Tunnock, R.E. Dolph and
R.W. Thier. 1988. Evidence of synchronized cycles in outbreak
patterns of Douglas-fir tussock moth, Orgyia pseudotsugata
(McDunnough) (Lepidoptera: Lymantriidae). Mem. Entomol. Soc.
Can. 146:107–121.
Smith, D.M. 1994. The forests of the United States. In Regional
Silviculture of the United States. 3rd Edn. Ed. J.W. Barrett. John
Wiley & Sons, New York, pp 1–30.
Swetnam, T.W. and A.M. Lynch. 1993. Multicentury, regional-scale
patterns of western spruce budworm outbreaks. Ecol. Monogr. 63:
399–424.
Tomback, D.F., J.K. Clary, J. Koehler, R.J. Hoff and S.F. Arno. 1995.
The effects of blister rust on post-fire regeneration of whitebark
pine: the Sundance burn of northern Idaho. Conserv. Biol. 9:
654–664.
Veblen, T.T., K.S. Hadley, E.M. Nel, T. Kitzberger, M. Reid and
R. Villalba. 1994. Disturbance regime and disturbance interactions
in a Rocky Mountain subalpine forest. J. Ecol. 82:125–135.
Wadleigh, L.L., C. Parker and B. Smith. 1998. A fire frequency and
comparative fuel load analysis in Gambel oak of northern Utah. In
Fire in Ecosystem Management: Shifting the Paradigm from Sup-
pression to Prescription. Eds. T.L. Pruden and L.A. Brennan. Tall
Timbers Fire Ecology Conference Proc., No. 20. Tall Timbers Re-
search Station, Tallahassee, FL, pp 267–272.
Weber, U.M. and F.H. Schweingruber. 1995. A dendroecological re-
construction of western spruce budworm outbreaks (Choristo-
neura occidentalis) in the Front Range, Colorado, from 1720–
1986. Trees 9:204–213.
TREE PHYSIOLOGY ONLINE at http://heronpublishing.com
ROCKY MOUNTAIN FOREST ECOSYSTEMS 1099
Downloaded from https://academic.oup.com/treephys/article-abstract/23/16/1091/1659300
by Utah State University Libraries user
on 19 January 2018
